Received February 16, 1968 In the previous study (Shigenaga 1968) , it was found that the double monosomics, which lack two non-homologous chromosomes of any kinds, were hardly distinguishable in common wheat from the normal plant in size, vigor and fertility.
Furthermore, the triple monosomics, which have three kinds of chromosomes in single dose, had enough fertility for propagation by self-and cross-pollinations, though they showed in general reduced size, vigor and fertility.
Those results suggested that when the deficient chromosomes are non-homologous to each other the hypoaneuploids of common wheat can perform genetically balanced functions for their existence, as already described by Kihara (1924) as the balanced combinations in the offspring of pentaploid hybrids. Extending the previous experiment, the author has intended to eliminate further the fourth and fifth chromosomes from common wheat, and obtained four kinds of quadruple monosomics and one kind of quintuple monosomics.
The results on their production and cytogenetical investigations are here reported.
MATERIALS AND METHODS
All the nullisomics used in this experiment were selected in the progenies of selfpollinated monosomics of Triticum aestivum L. emend Thell. ssp. vulgare cultivar Chinese Spring. Chromosome designation system employed here was taken from Sears (1958) and Okamoto (1962) except for chromosomes II and XIII, for which the proposal by Chapman and Riley (1966) was adopted.
As described in the previous paper (Shigenaga 1968 ), double monosomics were obtained in the Fi of the cross between two different nullisomics, and triple monosomics were selected in the following generation of the cross between the double monosomics and the third nullisomics.
In the present experiment, quadruple monosomics and quintuple monosomics were produced as follows : The triple monosomics were pollinated with the pollen grains of the fourth nullisomics.
In the Fi generation of the cross, plants with the least chromosome number (2n = 38) in expectation, showing 17I +4I at the first meiotic metaphase, were selected ; they are undoubtedly quadruply monosomic.
The quadruple monosomics The somatic and meiotic chromosomes of all individuals involved in this experiment were observed with temporary slides prepared by aceto-carmine squash method.
RESULTS

A. Quadruple monosomics
In order to obtain the quadruple monosomics, crosses between triple monosomics and nullisomics were made by using the former as female parent.
Cross combinations studied were mlAm2Bm4A x n6A, m1Am2Bm7A x nSA, m4Am5Am6A x n1A, and m4Am5Am6A x n7A.
Seed-setting rates of these crosses varied from 13.5 to 32.0 per cent.
Germination rates of the seeds obtained were higher than 85.0 per cent in every cross combination.
Chromosome numbers of the F1 plants were counted in root tip cells, the results being shown in Table 1 .
In all cross combinations the chromosome numbers of the F1 plant varied from 38 to 41. The number found at the highest frequency was 2 n =39 and that of the lowest frequency was 2 n = 41.
In total, 44 plants with 38 chromosomes were obtained in four cross combinations, out of which 39 were studied their chromosome configurations at the first meiotic metaphase in pollen mother cells, and proved to have the configuration of 17g +41 (Fig. 2) . Accordingly, these plants were considered to have been derived from the union of 18-chromosome female gametes produced by the triple monosomics with 20-chromosome male gametes produced by the nullisomics.
Thus, they should be regarded as the quadruple monosomics, which are designated as m1Am2Bm4Am6A, m1Am2Bm5Am7A, m1Am4Am5Am6A or m4Am5Am6Am7A.
Each of the four kinds of quadruple monosomics showed somewhat different pheno- mosome plants were obtained at a frequency of 21.2 per cent, which was remarkably higher than the theoretically expected 6.3 per cent.
The chromosome configurations observed at the first meiotic metaphase in pollen mother cells of the 38-chromosome plants were all 17 [ +4 I ; they resembled phenotypically to the quadruple monosomics, which were used as the female parent in the crosses. Accordingly, they must be considered as the same quadruple monosomics as the female parents.
From the above-mentioned results, it should be concluded that the quadruple monosomic strains can be maintained by crossing them to normal plants, and selecting 38chromosome plants in the progeny, which are obtained at a frequency of about 21 per cent.
B. Quintuple monosomics
The quadruple monosomic, m1Am4Am5Am6A, was pollinated by pollen grains of n7A, producing 94 seeds.
Of these, 50 were allowed to germinate. Chromosome numbers of 47 plants obtained were determined in their root-tip cells, the results being shown in Table 4 .
Four plants had the chromosome number of 2 n = 37, which was the least chromosome number expected in such a cross.
Chromosome configuration at the first meiotic metaphase of those plants was found to be 161 +51, of which bivalents were mostly of closed type (Fig. 4) . Accordingly, those plants are considered to have been produced by the union of 17-chromosome gametes of m1Am4Am5Am6A to 20-chromosome gametes Their spikes were rather slender and chromosome (Fig. 5 ).
inferior to those of the normal.
5.
The quintuple monosomics were reduced to seven per cent speltoid due to deficiency of 5A 
DISCUSSION
There are three kinds of the theoretically possible multiple monosomics, which lack the same number of chromosomes.
The first one is those which lack the chromosomes of different genomes and different homoeologous groups, such as m1Am2Bm3D. The second is those lacking the chromosomes of the same homoeologous group, like mlA-m1Bm1D.
The third is those which lack the chromosomes of the same genome like mlAm2Am3Am4A.
As the materials for genetical studies and breeding, the first one will be useful. For the study of chromosome homoeology the second one is indispensable.
In the present experiment the third one was produced, because the author intended to eliminate the full chromosome complement of A genome in hexaploid wheat without using any other species, such as Ae. speltoides and Ae. squarrosa (cf. Mochizuki and Shigenaga 1964) .
The quadruple and quintuple monosomics obtained in the present experiment gave some new informations about hypoaneuploids in hexaploid wheat. Elimination of, at maximum, five non-homologous chromosomes of A genome did not affect severely reproduction of hexaploid wheat ; this may be attributable to the five genomes retained intact.
In the F1 of the cross between quadruple monosomics (-) and normal plant (s), plants with the least chromosome number (2 n = 38) in expectation were obtained at a frequency of 21.2 per cent (Table 3) , which was remarkably higher than that expected. This fact indicates that 17-chromosome eggs, which function well in fertilization, are produced at a high frequency (at least, 21.2 per cent) in the quadruple monosomics.
In the F1 of the cross, quadruple monosomics (~) x nullisomics (s), the frequency of plants with the least chromosome number (2 n = 37) in expectation was only 8.5 per cent.
Comparatively low frequency of the 37-chromosome plants, as compared with that of the 17-chromosome female gametes, may have been caused by some zygotic lethality.
Frequency of the fertilized female gametes with the least chromosome number in expectation was always higher than that theoretically expected in all double, triple and quadruple monosomics. This fact suggests that the frequent univalent elimination during megasporogenesis, as was observed by Kihara and Matsumura (1942) and Sears (1958) in single monosomics, is common occurence in all kinds of hypoaneuploids in hexaploid wheat. SUMMARY 1. Four kinds of quadruple monosomics and one kind of quintuple monosomics were produced by a systematic procedure in a variety Chinese Spring of common wheat, Triticum aestivum ssp. vulgare. 2. Quadruple monosomics (171 +4I) were selected in the progeny of the cross between triple monosomics (181 +3I) and a nullisomic, which lacks the fourth pair of chromosomes. The quadruple monosomics were pollinated with pollen grains of a nullisomic, which lacks the fifth pair of chromosomes, and in their F1's quintuple monosomics (16g +5I) were selected.
3. Quadruple monosomics were more or less smaller in size, and reduced in vigor with somewhat later maturity, but they were fertile in both sexes.
Quintuple monosomics were still inferior to the quadruple monosomics in their various characters, though they retained reproductive ability. 4. Crosses between quadruple monosomics (S-) and normal plants (a) were made to maintain the quadruple monosomic strains ; F1's obtained had 38 to 42 chromosomes.
The 38-chromosome plants appeared at a frequency of 21.2 per cent, and showed the 17 +41 chromosome configuration at meiotic metaphase I, which indicated that they were quadruple monosomics.
5. The present results indicated that the female gametes with the least chromosome number in expectation participate at a high frequency in fertilization in every kind of hypoaneuploids, so far produced in hexaploid wheat.
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